Purpose Stem version is not always equivalent to femoral neck version (native version) in cementless total hip arthroplasty (THA). We therefore examined the discrepancy of version between the native femoral neck and stem using pre-and postoperative computed tomography (CT), the level of the femur where the canal version most closely fit the stem version, and the factors influencing version discrepancy between the native femoral neck and stem. Methods A total of 122 hips in 122 patients who underwent primary THA using a metaphyseal-fit stem through the postero-lateral approach were included. Pre-and postoperative CT images were utilized to measure native and stem version, and the version of the femoral canal at four levels relative to the lesser trochanter. Results The mean native and stem versions were 28.1±11.0°a nd 38.0±11.2°, respectively, revealing increased stem version with a mean difference of 9.8°(p<0.0001). A total of 84 hips (68.9 %) revealed an increase in version greater than 5°. Femoral canal version at the level of the lesser trochanter most closely approximated that of stem version. Among the factors analysed, both univariate and multivariate analysis showed that greater degrees of native version and anterior stem tilt significantly reduced the version discrepancy between the native femoral neck and stem version. Conclusions Since a cementless stem has little version adjustability in the femoral canal, these findings are useful for surgeons in preoperative planning and to achieve proper component placement in THA.
Introduction
Accurate component placement is considered a necessity in successful total hip arthroplasty (THA) [1, 2] , as implant malposition directly influences postoperative stability, wear, and aseptic loosening [3, 4] . The generally accepted combined anteversion has been reported to be from 30°to 60°to avoid impingement and maximize hip range of motion [5, 6] . The risk of dislocation is reportedly 6.9 times greater if the combined anteversion falls outside the range of 40°t o 60° [7] .
Femoral and stem version has a wide variability. Femoral version was reported to range from −15°to 35°in normal hips [8, 9] . Stem version was also reported to have a wide range: 30°retroversion to 45°anteversion [10, 11] . Therefore, surgeons should understand precise version pre-or intraoperatively as well as cup version in order to achieve the proper component placement in THA. It is important to note that stem version is not always equal to femoral neck version. A review of the literature revealed some discrepancy in the version between the femoral neck and stem. These studies were limited in that they used fluoroscopy and the contralateral side as a reference [12] [13] [14] . The accuracy of version measurement was questionable compared to that of computed tomography (CT), thought to be the most accurate method currently available [9] .
In this study, we examined the discrepancy of version between the native femoral neck and stem, the level of the femur where the canal version most closely fit the stem version, and the factors influencing version discrepancy using pre-and postoperative CT.
Patients and methods
This study was approved by the institutional review board. This study includes 122 hips in 122 patients who underwent primary cementless THA between April 2010 and May 2013. Indications for THA included osteoarthritis (OA) of the hip in 110 hips, rheumatoid arthritis (RA) in four hips, and osteonecrosis of the femoral head (ONFH) in eight hips. The mean age at operation was 65.8 ± 8.5 years (range, 42-79 years). There were 99 women (99 hips) and 23 men (23 hips); there were 110 hips with OA (Table 1) .
Each operation was performed using a posterolateral approach. A cementless hemispherical press fit cup and a straight metaphyseal fit stem (AMS & PerFix HA; Kyocera Medical, Osaka, Japan) were used in all cases (Fig. 1) [15, 16] . Two or three screws were inserted to augment cup fixation in most cases.
All CT scans were performed with every patient supine and symmetrically positioned in the scanner as shown by the scout views. After downloading the scan data in the Digital Imaging and Communications in Medicine format (DICOM; NEMA [National Electrical Manufacturers Association], Rosslyn, Virginia) onto a personal computer, each measurement was performed using image processing and analysis software (3D Template; Kyocera Medical) [17, 18] . The scans included the pelvis, proximal femur, and knee.
Measurement of each parameter
Native version was defined as the angle between the axis of the femoral neck and a line connecting the posterior aspect of the medial and lateral femoral condyles (posterior condylar line) ( Fig. 2a and b) [19] . The femoral neck axis was calculated as a best-fit line connecting slices taken through a central segment of the neck. Stem version was calculated as the angle of the prosthetic femoral neck relative to the posterior condylar line ( Fig. 2a and c) [20] . When the native or stem version indicated a superior position in reference to the posterior condylar line, it was defined as positive version. Cup version was defined as the operative anteversion following the method of Murray [21] . The discrepancy between native and stem version was calculated as the value subtracting the native version from the stem version (Sv-Nv). The version of the femoral canal was measured at four levels: the 35 % level (35 % of the head center height above the center of the lesser trochanter [CLT]), the CLT level, the −35 % level (35 % of the head centre height below the CLT), and at the level of the canal isthmus [22] . We compared stem version to canal version and estimated the level where the value of canal version most closely approximated the stem version. The height of the stem was defined as the distance from the stem neckshoulder junction to the center of the lesser trochanter. Sagittal stem alignment was calculated from the angle between the stem axis and the proximal femoral axis in the sagittal plane (Fig. 3a ) [23] . When the stem axis was anteriorly tilted compared to the proximal femoral axis, sagittal stem alignment was defined as having an anterior tilt. Anterior sagittal tilt was defined to be positive. Similarly, coronal stem alignment was calculated from the angle between the stem axis and the proximal femoral axis in the coronal plane (Fig. 3b) . When the stem axis was varus or valgus compared to the proximal axis, valgus tilt was defined to be positive.
All measurements using CT images were performed by one observer (MH) and were repeated in a blind manner during the course of two sessions at least one month apart. Intra-observer reliabilities, evaluated using intraclass correlation coefficients, were excellent (range, 0.980-0.994). Two observers (MH and DH) independently made CT measurements on the scans of the 20 randomly selected hips, and interobserver reliabilities, evaluated using interclass correlation coefficients, were also excellent (range, 0.886-0.968).
Statistical analysis
Descriptive statistics used means, standard deviation, and ranges. We determined the difference between the native and stem version using the paired t-test for paired samples assuming equal variance. The Student's t-test was used to compare the discrepancy between males and females. The analysis of variance (ANOVA) was utilized for primary diagnoses. The simple linear regression analysis was used to compare the discrepancy between the other continuous parameters. The multivariable regression analysis was used to compare the discrepancy among every parameter. A significant difference was defined as a p-value<0.05. Statistical analyses were performed using JMP Software (Version 9.0; SAS Institute, Cary, North Carolina).
Results
The mean native version was 28.1±11.0°(range, 1-62°). The mean stem version was 38.0±11.2°(range, 14-63°). The degree of stem version was significantly increased compared to the degree of native version with a mean difference (SvNv) of 9.8±8.8°(p<0.0001) ( Table 1 ) (Fig. 4a) . Stem version was increased in 108 hips (88.5 %) by 1°or more, and in 84 hips (68.9 %) by 5°or more. Stem version was decreased in nine hips (7.4 %) by 1°or more, and in two hips (1.6 %) by more than 5° (Fig. 4b) .
Femoral canal version at 35 % above the CLT, at the CLT, at 35 % below the CLT, and at the isthmus was 26.4±10.5°, 37.9±9.9°, 51.9±9.8°, and 75.1±5.7°, respectively, revealing posterior torsion of the canal from the distal isthmus towards the proximal metaphyseal level. Compared to stem version, there was a significant difference in version between the stem and femoral canal except at the CLT level. In other words, stem version most closely approximated canal version at the level of the CLT, with a mean difference of 0.1°(p=0.8845) ( Table 2) .
Among the factors analyzed, the native version and sagittal stem tilt significantly influenced the value of Sv-Nv using both univariate and multivariate analysis (Table 3) . Increased native version resulted in decreased Sv-Nv (p<0.0001). When native version increased by 1°, Sv-Nv decreased by 0.29° (Fig. 5a) . Likewise, increased anterior stem tilt in the sagittal plane resulted in a decreased Sv-Nv (p<0.0001). When the stem was tilted anteriorly in the sagittal plane by 1°, the Sv-Nv decreased by 2.3° (Fig. 5b) . Although the mean degree of the Sv-Nv varied among the subgroups, no significant differences in Sv-Nv were noted among the individual primary diagnoses (Table 3 ).
The mean cup version was 17.5±10.4°(range, −5-37°) and the mean combined anteversion was 55.7±11.4°(range, 27-86°) ( Table 1) . No dislocations were observed during the study period.
Discussion
As native femoral version has a wide variability [8, 9, 24] , surgeons need to place the components to optimize the combined anteversion of cup and stem [5] [6] [7] . Stem version is not always equivalent to femoral neck version. Therefore, we evaluated the degree of femoral neck version (native version) and stem (stem version) using pre-and postoperative CT in THA with a metaphyseal fit cementless stem, the level where the value of canal version most closely approximates stem version, and factors influencing version discrepancy.
In this study, the discrepancy between native version and stem version was found and stem version was, on average, generally larger than native version by 9.8°. Several authors have described the discrepancy between native and stem version ranging from 3°to 8° [12] [13] [14] . Suh et al. reported 3.8°using CT through estimations of the discrepancy between the contralateral native femoral version and stem version [13] . Emerson, using fluoroscopy, reported that stem version was greater than native version by 8.2° [14] . Although measurement methods and patient characteristics varied, the common finding was that the amount of stem version was greater than the amount of native version. This is in accordance with our Fig. 4 Comparison of native and stem version (a). The angle of stem version was significantly larger than the native version with a mean difference (Sv-Nv) of 9.0 ±8.8°(p<0.001). The bar line shows standard deviation. Distribution of the version discrepancy (Sv-Nv) (b). The discrepancy between native and stem version was calculated as the value subtracting the native version from the stem version results where an increase in version by greater than 5°was observed in about 70 % of hips compared to native version using pre-and postoperative CT. Only two hips (1.6 %) revealed a decrease in stem version greater than 5°. Our results agree with previous studies in measuring gradual posterior torsion from the isthmus towards the femoral neck in the proximal femoral canal. Sugano et al. reported a difference of 12.6°on average between the CLT and femoral neck in the normal femur [22] . Therefore, stem version varied according to the level of the femur where the stem was located. In this study using a metaphyseal fit stem, the stem version most closely approximated canal version near the level of the CLT. These results indicate that version discrepancy may depend on the degree of version between the lesser trochanter and the femoral neck.
Native version was significantly and inversely correlated with version discrepancy (Table 3) . When native version increased by 1°, the Sv-Nv decreased by 0.29° (Fig. 5a ). Greater native version is accompanied with a smaller gradual posterior torsion from the isthmus towards the femoral neck in the proximal femoral canal [22] . Therefore, greater native version resulted in a smaller difference in version between the lesser trochanter and the femoral neck as mentioned above.
Sagittal stem alignment also significantly influenced version discrepancy. An anteriorly tilted stem was significantly and inversely correlated with the degree of the Sv-Nv (Table 3). When sagittal stem alignment was tilted anteriorly by 1°, the Sv-Nv decreased by 2.3° (Fig. 5b) . This suggests that when the stem is inserted at the anterior femoral neck, the anterior wall of the neck possibly interferes with stem rotation. This could explain why stem version tended to be smaller than what would be expected based on native version. Although it is unclear whether the sagittal tilt of a cementless stem has an effect on dislocation rate or long-term results, surgeons should notice that it alters stem version against the native version of the femoral canal.
Stem version is influenced by several factors such as sagittal stem tilt and native version. These results might lead to the importance of intra-operative measurement of stem version prior to the cup placement. To achieve an appropriate CA for each case, the method to adjust cup anteversion according to stem anteversion, the so-called CA technique, has been recommended by Dorr et al. in cementless THA as a cementless stem has less adjustability in the femoral canal compared to the cemented stem [16, 25] .
There are several limitations to this study. First, this study analyzed only one design, a metaphyseal fit stem. Although the design is similar to many other stems currently available and a cementless stem usually has little adjustability of version, our findings may not be applied to other stem designs. Future studies could address if other stems display similar characteristics. Secondly, we grouped OA, ONFH, and RA together into a category of primary diagnoses. However, the number of ONFH and RA hips was small compared to the number of OA hips, therefore potentially decreasing statistical power in terms of influence of the primary diagnosis. Thirdly, our study had a high proportion of DDH hips (86 hips, 70.5 %). The proportion of hips with primary OA was usually larger than that in our study [20, 25] . Based on the results of this study, as DDH has usually large femoral anteversion, it was expected that the Sv-Nv in primary OA hips would be larger. The value of the discrepancy between native and stem version might change if the patient characteristics changed. Finally, all operations were carried out using a posterolateral approach. Compared to an average of 0.3°sagittal stem tilt in this study, an anterior or lateral approach seemed to result in an increased stem tilt. One study reported 5.2°of sagittal stem tilt using a direct lateral or anterolateral surgical approach [23] . As sagittal stem tilt significantly influenced version discrepancy, an analysis utilizing additional surgical approaches may alter the tendencies found in this study.
In conclusion, the degree of stem version was consistently greater than native version by 9.8°on average utilizing a cementless metaphyseal fit stem. Increased native version and an anteriorly oriented sagittal stem tilt resulted in a decreased discrepancy. Stem version most closely approximated femoral canal version at the level of the CLT, therefore the found discrepancy reflected the difference in version between the lesser trochanter and the femoral neck. These findings are useful for surgeons in preoperative planning and to achieve the proper combined anteversion.
